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[Title cf the Ir.ver.tic.v LASER WEIL QUALITY MCKITCRIKG METHOD 
AND SYSTEM 

[Claim for a Patent] 

IClairr. 1] A laser weld quality men: taring method, comprising 
the steps of : 

irradiating laser beams from a YAG .aser toward a welding 
part of a workpiece; 

detecting reflected lights from the welding part of the 
irradiated laser beams; 

calculating a frequency distribution cf a signal obtained 
from the detected reflected lights; 

calculating a signal intensity in a specified frequency 
band among the calculated frequency distribution; and 

if the calculated signal intensity exceeds a preset 
reference value, determining that an occurrence of porosity is 
excessive, and if not exceeding the reference value, 
determining that an occurrence of porosity is within a normal 
range . 

[Claim 2] A laser weld quality monitoring method according 
to claim 1, comprising the steps of: 

calculating the frequency distribution; 

converting the detected reflected light to an electric 
signal; and 

calculating the frequency distribution of the electric 
signal based on a variation per hour of the converted electric 
signal . 

[Claim 3] A laser weld quality monitoring method according 
to claim 1 or 2, wherein a specified frequency band for 
calculating the signal intensity is varied in accordance with 
at least one numeric value out cf a plate thickness of the 
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frcrr. a depth H cf a Keyhole cf a we lair, a part in the w.rkpiecc 
and a width 3 cf the keyhole. 

tc claim 1 cr 2, wherein the calculaticr. cf the signal htter^sity 

is carried oat by using a fast Fourier transform ( F FT ) for 

calculating a frequency distribution of the signal intensity 

or a bana filter for passing a signal cf only the specified 
frequency bana. 

[Claim 5] A laser wela quality monitoring system, 

comprising : 

a YAG laser for irradiating laser beams toward a welding 
part of a wcrkpiece; 

a reflected light detecting means for detecting reflected 
lights from the welding part of the irradiated laser beams; 

an electric signal converting means for converting the 
detected reflected light to an electric signal; 

a frequency distribution calculating means for 
calculating a frequency distribution of the electric signal 
based on a variation per hour of the converted electric signal; 

a signal intensity calculating means for calculating a 
signal intensity in a specified frequency band among the 
calculated frequency distribution; and 

a weld quality determining means for, if the calculated 
signal intensity exceeds a preset reference value, determining 
that an occurrence of porosity is excessive, and if not 
exceeding the reference value, determining that an occurrence 
of porosity is within a normal range. 

[Claim 6] A laser weld quality monitoring system according 
to claim 5, wherein the reflected light detecting means has an 
interference filter for passing only lights of a wavelength of 
the YAG laser beams in order to detect only the reflected lights 
of the YAG laser beams. 
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U claiT; c, where::, the sigral ir.ter.sity calculating ^.ea:.£ 
varies a specified frequency banc for calculating a s:?:>3- 
ir.ter.sitv in accordance with at least one nurr.er i c value cut : f 
a plate thickness cf the workpiece, a welding speed and an aspect 
ratic H/D calculated from a depth H cf a keyhole of a welding 
part in the workpiece and a width D of the keyhole. 

'Claim 6 ] A laser wela quality rr.cni tor mg system accorj.i.y 
to claim 5, wherein the signal intensity calculating means 
calculates a signal intensity by using a fast Fourier transform 
(FFT) for calculating a frequency distribution of the signal 
intensity or a band filter for passing a signal of only the 
specified frequency band. 

[Claim 9] A laser weld quality monitoring method, comprising 
the steps of : 

irradiating laser beams from a YAG laser toward a welding 
part of a workpiece; 

detecting reflected lights from the welding part of the 
irradiated laser beams; 

calculating a frequency distribution of a signal obtained 
from the detected reflected lights; 

calculating at least one signal intensity of a signal 
intensity in a first frequency band for detecting an occurrence 
of an under-filled state and a signal intensity in a second 
frequency band for detecting an occurrence of porosity, and a 
signal intensity in a third frequency band for detecting an 
occurrence of a non-welded state, among the detected frequency 
distribution; 

virtually plotting the signal intensity of each of the 
calculated frequency bands by using a virtual biaxial 
coordinate system that one axis denotes a magnitude of the 
signal intensity of the first frequency band and the second 
frequency band and another axis denotes a .magnitude of the 
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[Claim 10] A laser weld quality monitoring method accoramg 
to claim 9, comprising the steps of: 

calculating the rrequency aistriicuta.cn; 

converting the detected reflected light to an electric 
signal ; 

storing a variation per hour of the converted electric 
signal ; 

calculating the frequency distribution of the electric 
signal based on the variation per hour of the electric signal. 

[Claim 11] A laser weld quality monitoring method according 
to claim 9 or 10, wherein an under-filled area, a porocity area 
and a non-welded area are prescribed in the biaxial coordinate 
system for determining an occurrence of any welding state of 
the under-filled state, the porocity and the non-welded state. 

[Claim 12] A laser weld quality monitoring method according 
to claim 11, wherein a non-defective area is prescribed in the 
biaxial coordinate system for determining that no welding state 
of the under-filled state, the porocity and the non-welded state 
occurs . 



[Claim 13] A laser weld quality monitoring method according 
to claim 12, wherein a mixing area which is difficult to specify 
a type of welding state is prescribed in each boundary of the 
under-filled area, the porocity area, the non-welded area and 
the non-defective area in the biaxial coordinate system. 

[Claim 14] A laser weld quality monitoring method according 
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■A-her. the sigral intensity :: any frequency ca:a is 
virtually plotted :r. the r.:x:r.o area, dividing a variation per 
hou: of an electric signal stereo for one welding part into a 
p. 1 v 2" a 1 i t y of areas on the 1 1 v e — s e r i e s basis; 

calculating a frequency distribution of the electric 
signal in each area based on a variation per hour of the electric 
sigral in each of the divided areas; 

calculating at least one signal intensity of a signal 
intensity i:j the first irequency banc ana a signal intensity 
in the second frequency band, and a signal intensity in the third 
frequency band with respect to each frequency distribution 
calculated in each area; 

virtually plotting the signal intensity of each of the 
calculated frequency bands in each area in the biaxial 
coordinate system; 

determining in each area an occurrence of at least one 
welding state out of the under-filled state, the porosity and 
the non-welded state according to an area where the signal 
intensity of each of the frequency bands is plotted in the 
biaxial coordinate system; and 

determining synthetically a state of quality of the 
welding part based on the determination. 

[Claim 151 A laser weld quality monitoring method according 
to claim 14, wherein in the step of determining synthetically 
a state of quality of the welding part, if the number of areas 
where it is determined that at least one welding state out of 
the under-filled state, the porosity and the non-welded state 
occurs exceeds a fixed ratio with respect to the number of the 
divided areas, it is determined that the quality of the welding 
part is problematic, and if not, it is not determined that the 
quality of the welding part is problematic. 

[Claim 161 A laser weld quality monitoring method according 
to any one of claims 9, 10 and 14, wherein each of the first 



is varied in accordance with at least cne ^:r.er:: value- eat if 
a plate thickness cf the workpiece, a welding speed ana an aspect 
rat: c r..'Z calculated from a depth H cf a keyhole if a v;e.c::.g 
part an the wcrkpoece ana a width 1 if the Keyhcie. 

[Claim 17] A laser weld quality monitoring system, 
camp rising : 

a YAG laser fcr irradiating laser beams toward a welding 
p a. l t or a wor Kpiece ; 

a reflected light detecting means for detecting 
reflected lights from the welding part of the irradiated laser 
beams ; 

an electric signal converting means for converting the 
detected reflected lights into an electric signal; 

a storing means for storing a variation per hour of the 
converted electric signal; 

a frequency distribution calculating means for 
calculating a frequency distribution of the electric signal 
based on a variation per hour of the electric signal; 

a signal intensity calculating means for calculating 
at least one signal intensity of a signal intensity in a first 
frequency band for detecting an occurrence of an under-filled 
state and a signal intensity in a second frequency band for 
detecting an occurrence of porosity, and a signal intensity in 
a third frequency band for detecting an occurrence of a 
non-welded state, among the calculated frequency distribution; 
and 

a weld quality determining means for virtually plotting 
the signal intensity of each of the calculated frequency bands 
by using a virtual biaxial coordinate system that one axis 
denotes a magnitude of the signal intensity cf the first 
frequency band and the second frequency band and another axis 
denotes a magnitude of the signal intensity cf the third 
frequency band; and for determining an occurrence of at least 
one welding state out of the under-filled state, the porosity 
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intensity of each cf the frequency hands is plctteu in the 
biaxial cccrdi r. ate system . 

[Claim 1 8 ] A laser v;e ] d quality Tcnitcrir.g system according 
tc clam 1 7 , the reflected light detecting means comprises an 
interference filter fcr transmitting only lights cf a 
wavelength cf the YAG laser beams in order to detect only 
reflected lights cf the YAG laser beams. 

[Claim 19] A laser weia quality mcnitcring system according 
to claim 17, wherein an under-filled area, a porocity area and 
a non-welded area are prescribed in the biaxial coordinate 
system for determining an occurrence of any welding state of 
the under-filled state, the porocity and the non-welded state. 

[Claim 20] A laser weld quality monitoring system according 
to claim 19, wherein a ncn-def ec t i ve area is prescribed in the 
biaxial coordinate system for determining that no welding state 
of the under-filled state, the porocity and the non-welded state 
occurs . 

[Claim 21] A laser weld quality monitoring system according 
to claim 20, wherein a mixing area which is difficult to specify 
a type of welding state is prescribed in each boundary of the 
under-filled area, the porocity area, the non-welded area and 
the non-defective area in the biaxial coordinate system. 

[Claim 22] A laser weld quality monitoring system according 
to claim 21, further comprising: 

a dividing means for, when the signal intensity of any 
frequency band is virtually plotted in the mixing area, dividing 
a variation per hour of an electric signal stored in the storing 
means with respect to one welding part into a plurality cf areas 
on the time-series basis, wherein 

the weld quality determining means determines an 



cccurrer.ce o f at least c:.e w eldit-J s:at.e cut :f at. ur.aer-ri.-ea 
state, a pcrccity state and a n c n -we 1 cec state in eaci. area, 
and determines synthetically a state cf quality of the weeding 
part based or the above determine t icn . 

[Claim 2 3 ] A laser wel a quality centering system, according 
to claim 22, wherein if the number cf areas where it is determined 
that at least one welding state out of the under-filled state, 
the porosity and the non-welded state occurs exceeds a fixed 
ratio with respect to the number of trie divided areas, the weid 
quality determining means determines that the quality cf the 
welding part is problematic, and if not, the weld quality 
determining means determines that the quality of the welding 
part is problematic. 

[Claim 24] A laser weld quality monitoring system according 
to claim 17 or 22, wherein each of the first to third frequency 
bands for calculating the signal intensity is varied in 
accordance with at least one numeric value out of a plate 
thickness of the workpiece, a welding speed and an aspect ratio 
H/D calculated from a depth H of a keyhole of a welding part 
in the workpiece and a width D of the keyhole. 

[Detailed Description of the Invention] 

[Field of the Invention] 

The present invention relates to a laser weld quality 
monitoring method and system. In particular, the invention 
relates to a laser weld quality monitoring method and system 
adapted to monitor an occurrence of a welding state such as a 
porocity, an under-filled state and an unwelded state in a laser 
welding part . 

[Prior Art] 
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vehiclt body, is per f c r rood by a lase: welding. I r. ccmpanscr 
with a sect welding, the laser welding has many advantages such 
that it is applicable to a one-side welding without the need 
si c lancing steel sheets frc n both obverse ana reverse, arc that 
it ailsws an easy welding even at an inside of a rir.e complicate 
groove. However, as a disadvantage, it tends to suffer a 
degradation of welding quality caused by a failed lapping 
accuracy between steel sheets or accrued suddenly at a stained 
we^amg part . 

Therefore, hitherto, the monitoring method of a laser 
welding part is performed by predicting a laser weld quality 
in a real-time manner. Japanese Patent Application 

Laying-Open Publication No. 20C0-271768 has disclosed 
techniques of using two sensors having their detection angles 
different from each other, for sensing lights from a plume 
occurring at a keyhole in the laser welding part and reflected 
lights of a YAG (Yttrium Aluminum Garnet) laser radiated, to 
detect variations of output, focal position, and inter-sheet 
gap as welding conditions by intensities of light detected by 
each sensor, thereby performing a real-time prediction of a 
quality of the laser welding part. 

[Problems to be Solved by the Invention] 

However, in a conventional weld quality monitoring method, 
it is possible to detect an occurrence of a welding state (an 
under-filled state) that a laser welding part is grooved, and 
an occurrence of a defective welding condition which is deviated 
from a prescribed welding condition, but there arises a problem 
that it is difficult to detect an occurrence of porosity (a 
porous state) of the welding part, occurred during laser welding 
in a zinc-plated steel sheet, or the like. 

The difficulty in detection of an occurrence of porosity 
in the conventional weld quality monitoring method resides in 
that a decision on weld quality is made of a state of weld based 
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:r. ligh: e-::tea :rcm 3 reg:sn (>eyh:le) :rrad:atea ana ::.el:ea 
by a laser tea-. The reascr. is that the p:r:.s state is caused 
ty a mixing cf z::.c taper inside the kevhcle, which mixing cf 
z;r.c vaccr select itparts variations ;r. the light emitted fret 
the keyhole - 

Further, ir: the co riven 1 1 oral we la quality tcrvtcrirg 
method, in case cf a lap welding, if a gap between vertical sneets 
is toe large, a non-welded state that a welding cf the vertical 
sheets is imperfect occurs and there arises the prcblem that 
it is difficult to aetect an occurrence of this run -we", goo 
state . 

In the conventional weld quality monitoring method, it 
is possible to detect an occurrence of a defective welding state 
and a defective welding condition of the under-filled state 
except for the porocity and the non-welded state, but the 
detection method differs according to each type of welding 
states. Therefore, a very complicated calculation process is 
necessary for the detection. Accordingly, there arises the 
problem that a process load of a CPU for the computation process 
is increased. 

Further, in the conventional weld quality monitoring 
method, when the defective welding state and the defective 
welding condition of the under-filled state except for the 
porocity and the non-welded state occurred ranging over the 
entire welded part, it is possible to readily detect an 
occurrence of these states. However, when these states 
occurred in only a part of the welded part, there arises the 
problem that it is not possible to readily detect an occurrence 
of these states. 

The present invention has been invented with such 
conventional problems in mind, and it is an object of the present 
invention to provide a laser weld quality monitoring method and 
system which can reliably detect an occurrence of a welding 
state of porosity, an under-filled state and a non-welded state 
of a laser welding part without enlarging a process load of a 
CPU, and further can reliably detect an occurrence cf the 
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r.:r.-v:elied state cf a par: cf the laser welding part. 
[Means for Solving the ? r cbiens ; 

I r. order tc solve the above-described prohlerrs and attain 
the ob:ect, the laser welo quality monitoring method comprises 
the steps of: irradiating laser beams from a YAG laser toward 
a welding part of a wcrkpiece; detecting reflected lights from 
the welding part cf the irraaiatea laser beams; calculating a 
frequency distribution of a signal obtained from the detected 
reflected lights; calculating a signal intensity in a specified 
frequency band among the calculated frequency distribution; and 
if the calculated signal intensity exceeds a preset reference 
value, determining that an occurrence of porosity is excessive, 
and if not exceeding the reference value, determining that an 
occurrence of porosity is within a normal range. 

According to a first feature of the present invention, 
as reflected lights of YAG laser beams suited to detect an 
occurrence of porocity are detected and only signal intensities 
of the specified frequency band which are necessary for 
detecting an occurrence of excessive porosity are extracted 
from the signals produced based on reflected lights, it is 
possible to easily determine based on the signal intensity of 
the extracted signals to what extent porocity occurred. 
Accordingly, it is possible to reliably detect an occurrence 
of excessive porocity that was difficult to detect 
conventionally . 

In order to solve the above-described problems and attain 
the object, according to a ninth feature of the present 
invention, the laser weld quality monitoring method comprises 
the steps of: irradiating laser beams from a YAG laser toward 
a welding part of a workpiece; detecting reflected lights from 
the welding part of the irradiated laser beams; calculating a 
frequency distribution of a signal obtained from the aetected 
reflected lights; calculating at least one signal intensity of 
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a sigr.il intensity ir. a first frequency bard ft: detest 1:1 g an 
:::ur rente cf an under-filled state at: a signa_ intensity m 
a second frequency band f cr detecting an occurrence cf pores: ty, 
and a signal intensity in a third frequency banc for detecting 
an occurrence cf a ncn-wolded state, among the detoctoa 
frequency distribution; virtually plotting the signal 
intensity of each cf the calculated frequency bancs by using 
a virtual biaxial coordinate system that one axis denotes a 
magnitude of the signal intensity cf the first frequency band 
auu the s e u o n u z r e o u e n c y t a t n auc an ctner axis oer. ot.es a 
magnitude of the signal intensity of the third frequency band; 
and determining an occurrence of at least one welding state cut 
cf the under-filled state, the porosity and the ncn-we^ded state 
according to an area where the signal intensity of each of the 
frequency bands is plotted in the biaxial coordinate system. 

According to the ninth feature of the present invention, 
reflected lights of the YAG laser beams are detected, and the 
signal intensities of the first to third frequency bands which 
are suited to detect an occurrence of at least one welding state 
out of the under-filled state, the porocity and the non-welded 
state are extracted from signals produced based on the reflected 
lights, respectively. As determining an occurrence of a 
welding state of the under-filled state, the porocity and the 
non-welded state according to an area where the signal 
intensities are plotted in the biaxial coordinate system, it 
is possible to reliably detect an occurrence of a plurality of 
welding states. 

[Effect of the Invention] 

As described above, according to the first to eighth 
features of the present invention, as reflected lights cf the 
YAG laser beams suited to detect an occurrence of the porocity 
are detected and only signal intensities of the specified 
frequency band which are necessary for detecting an occurrence 
of excessive porosity are extracted from the signals produced 
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detect ar. cccurrer.ce cf excessive pcrccity that was difficult 
tc detest :crvert:::.ally. 

Further, the specified frequency hard fcr calculating the 
signal intensity is varied m accordance with at least rue 
numeric value cut cf a plate thickness cf the workplace, a 
welding speed and an aspect ratic H/3 calculated f r err a depth 
H of a keyhole cf a welding part in the wcrkpiece and a width 
D of the keyhole. Therefore, it is possible to dissolve 
variations of occurrence detecticn accuracy of the pcrccity 
caused by a difference in the plate thickness, the welding speed 
and the aspect ratio. 

Further, according to the ninth to twenty- fourth features 
of the present invention, reflected lights of the YAG laser 
beams are detected, and the signal intensities of the first to 
third frequency bands which are suited tc detect an occurrence 
of at least one welding state out of the under-filled state, 
the porocity and the non-welded state are extracted from signals 
produced based on the reflected lights, respectively. As 
determining an occurrence of a welding state of the under-filled 
state, the porocity and the non-welded state according to an 
area where the signal intensities are plotted in the biaxial 
coordinate system, it is possible to reliably detect an 
occurrence of a plurality of welding states. Further, when the 
occurrence of any welding state or the non-occurrence of any 
welding state cannot be determined definitely, a variation per 
hour of an electric signal stored for one welding part is divided 
into a plurality of areas on a time-series basis, and a state 
of quality of the welding part is determined again as to each 
divided area. Therefore, it is easy to determine synthetically 
presence or absence of an occurrence of any welding state, and 
further it is possible to determine an occurrence of any welding 
state with high accuracy. 

[Preferred Embodiment ] 
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( corresponding to claims 9 to 24) and exemplifying a case where 
a welding member is a zinc-plated steel sheet. 

(First E rob c d i men t ) 

Fig. 1 is an eroboaied structural diagram of a YAG laser 
welder equipped with a quality monitoring system according to 
the present invention. 

An optical fiber cable 2 is attached to an upper part of 
a YAG laser welder 100, and laser beams from a YAG laser 
oscillator (YAG laser) (not shown) are led to the YAG laser 
welder 100 by the optical fiber cable 2. A light converging 
optical system for converging the led laser beams is disposed 
ranging from a center part to a lower part of the YAG laser welder 
100. The light converging optical system has a collimator lens 
3 and a light converging lens 4, and after the led laser beams 
are changed to parallel lights by the collimator lens 3, the 
led laser beams are converged on a surface of a workpiece 
(vehicle body panel) 5 by the light converging lens 4 . The light 
converged part (welding part) is melted by energy of laser beams, 
so that the workpieces are welded to each other. 

Further, in a lower surface of the YAG laser welder 100, 
a sensor 6a which functions as a reflected light detecting means 
is disposed at a location of an angle of elevation 60 degrees 
(91) from a surface of the workpiece 5 and a sensor 6b is disposed 
at a location of an angle of elevation 10 degrees (92) from a 
surface of the workpiece 5. The sensor 6a is a sensor for 
detecting reflected lights of laser beams reflected without 
being absorbed by the workpiece 5 after irradiated mainly by 
the welding part. The sensor 6b is a sensor for detecting 
plasmatic lights (visible lights) produced from the welding 
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aeterr.ir.ed :r. real time based cr. lights (reflected lights ana 
plasmatic 1 : ghts ) oe:ectec by bcth the sar.sc.rs 6a and cb. As 
the m.cnitcrirg r.ethca and the n.enitcrir.g systei acccroing zz 
the present invention detect an occurrence cf porosity by use 
of reflected lights cf laser beams, the senscr 6a is a 
particularly important sensor. 

Fig. 2 is a conceptual diagram cf the YAG laser welder 
equipped with the quality mentoring system according to the 
present invention. The YAG laser welder shown in Fig. 2 
comprises a YAG laser oscillator 1, and laser beams produced 
by the YAG laser oscillator 1 are led to a light converging 
optical system by the optical fiber cable 2, and are changed 
to parallel lights by the collimator lens 3. Thereafter, lights 
are converged on a surface of the workpiece 5 by the light 
converging lens 4, to weld the workpiece 5 by power of the 
converged laser beams. 

On the other hand, the sensor 6a is disposed at a first 
location where the angle of elevation 01 is 60° from the surface 
of the workpiece 5, and reflected lights of a YAG laser reflected 
without being absorbed by the workpiece 5 after irradiated on 
a welding part F are converted into an electric signal in 
accordance with an intensity thereof by the sensor 6a. 
Accordingly, the sensor 6a functions as an electric signal 
converting means. Further, the sensor 6b is disposed at a 
second location where the angle of elevation 92 is 10° from the 
surface of the workpiece 5, and plasmatic lights (visible 
lights) from a plume (metallic vapor at high temperatures) 
produced in the welding part F during welding are converted into 
an electric signal in accordance with an intensity thereof by 
the sensor 6b. The electric signal converted by both the 
sensors 6a and 6b are input to a measuring device 7 constituted 
by an amplifier (prearr.p) , a band-pass filter, an A/D converter, 
a personal computer, or the like. 

As shown in Fig. 3, the sensors 6a and 6b comprise two 
photodiodes 8 and 9, a dichroic mirror 1C, and an interference 
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- - ~ - cl v- " -.-v- - -> v- f- z. e *>- 2. * s c r. - 3 3 v g , e r. nr * .* . r c ^ r. m i - - r . rr. . 

I r. the s e n s a r s 6 a ar.a cb, first:, l;:r.:s : rc m t h e w e 1 a i r. a 
part entered f r:r. a left side of Fa a . 5 are se I -acted an acccroanee 
with a wavelength by the dichrcic tirror 1 C . Namely, a visible 
light cf wavelength 1 1 2 nm cr less as reflected by the dichrcic 
airrcr 1C ana lea tc the phctcaaaae 5, ana the visible light 
is converted vtc an electric sagnal as a plasmatic light, tc 
detect an intensity thereof. Cn the ether hand, after an 
infrared light cut of an incident light frcrr. the welding part 
transmits the dichrcic mirror 10, enly a YAG laser beam having 
wavelength 1.06|im transmits the anterference falter 11. The 
YAG laser beams are lea by the phctcdiode 9, and converted into 
an electric signal as YAG reflected lights, and input into the 
measuring device 7, respectively. As the monitoring device and 
the monitoring system according to the present invention detect 
an occurrence of porocity by use of reflected lights of laser 
beams, the electric signal from the photodiode 9 provided in 
the sensor 6a is used. 

Fig. 4 is a diagram showing an embodied constitution of 
the measuring device 7 shown in Fig. 2. The measuring device 
7 is provided corresponding to each of the photodiodes 8 and 
9 provided in each of the sensors 6a and 6b. Accordingly, the 
monitoring device of the present invention is provided with the 
four measuring devices 7. A constitution of each measuring 
device 7 is identical . 

The measuring device 7 comprises an amplifier (preamp) 
7A for amplifying an electric signal from the photodiode 9 to 
a constant level; A/D converters 7B and 7D for converting an 
analog electric signal output from the amplifier 7A into a 
digital electric signal; a band-pass filter 7C for passing only 
the electric signal of a specified frequency band; a personal 
computer 7E which functions as a frequency distribution 
calculating means for calculating a frequency distribution of 
the input electric signal, functions as a signal intensity 
calculating means for calculating a signal intensity in the 
specified frequency band, and functions as a weld quality 
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deter r.g means fcr deterr.ir.ir.g a ::r.a:::::. :f ar. cc:urrer.:c- 
if pc::c:ty; ar.u a display ~F fcr displaying a result ci: tamed 
by det.errr.:nir.g a weld quality. 

Figs, i i :: are views for explaining a principle cf 
detecting a weld quality. The reason that the weld quality can 
be detected by analyzing lights fr:i the -welding part will be 
described with reference to Figs. 5 tc 7. Figs. 5 and 6 shew 
a condition cf an occurrence of porocity when a zinc-plated 
steel sheet as an object tc be welded is lap-welded. As shewn 
m Fig. 5, when the YAG laser welder ICC irradiates YAG laser 
beams of high power density on a butt part 2C of the zinc-plated 
steel sheet, the irradiated part (welding part) starts melting 
by receiving energy of laser beams, to form a keyhole 25 in which 
a metal is melted. At this time, a zinc-plated layer 21 plated 
on a surface of a steel sheet is varied to a metallic vapor at 
a melting temperature of a steel 22 as a base metal . Bubble-like 
porocity (blowhole) 23 occurs in the keyhole 25 by pressure of 
the metallic vapor. 

As shown in Fig. 6, laser beams are absorbed by a wall 
26 on a front surface of the keyhole 25. In lap-welding of the 
zinc-plate steel sheet, when the zinc-plated layer 21 exists 
on an interface of two steel sheets, a zinc metallic vapor 27 
jets into the keyhole 25. This becomes the porocity 23. In 
welding with the YAG laser beams, as a wavelength of laser beams 
is short at 1.06|im or thereabout, laser beams are almost 
transparent with respect to a plume 28 jetted from an opening 
part of the keyhole 25 . Accordingly, the high-speed phenomenon 
as to presence or absence of the porocity 23 cannot be caught 
by observation of the plume 28. 

However, it is considered that reflected lights of the 
YAG laser beams are changed by a state of the wall 26 on the 
front surface of the keyhole 25. When a state of the wall 26 
on the front surface of the keyhole 25 varies with jetting of 
the zinc metallic vapor 27, the reflected lights of laser beams 
varies correspondingly. As this phenomenon occurs inside the 
keyhole 25 in the vicinity of the interface of the steel sheet, 
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the pher.c~er.cr. carrot be caught h y the sensor cfc that ar 
cfcservancc angle is at a lew level, bet the pher.c:ter.cr. car be 
caught by the serscr 6a that ar observation angle is at a high 
level . 

Accordingly, it is necessary to set ar argle in installing 
the sensor 6a within the range of an angle that a variation state 
cf the wall 26 cn the front surface cf the keyhole 25 can be 
caught by the reflected lights. Actually, the angle is in the 
range cf not interfacing with laser beams irradiated cn the 
welding part and cf being capable of catching the variation 
state cf the wall 26 on the front surface cf the keyhole 25 by 
the reflected lights, namely in the range of an angle of 
elevation 45 degrees to 70 degrees. It is to be noted that a 
further optimum angle within the range of this angle is decided 
in correspondence to a welding condition such as a plate 
thickness, an inter-sheet gap, power of laser beams, a focal 
position, or the like. In this embodiment, as shown in Fig. 
1, the angle of elevation is 60 degrees. 

Further, as shown in Fig. 7 , when the zinc-plated steel 
sheets do not come into appropriate contact with each other in 
the butt part 20 and a slight gap 30 is caused, a metal melted 
in the keyhole 25 flows into the gap 30. Therefore, a defective 
welding which is called an under-filled state 31 occurs. The 
occurrence of the under-filled state 31 can be caught by the 
sensor 6b at a low level of the observation angle. 

Next, a processing for detecting porocity by the 
monitoring system of the present invention will be described 
with reference to a flowchart of Fig. 8 and Figs. 9 to 12. Data 
such as a waveform, etc. shown in Figs. 9 to 12 are obtained 
as a result of measurement based on a following welding 
condition (basic welding condition) . An output of the YAG laser 
is 3 Kw at a processing point. The zinc-plated steel sheets 
having thickness 0.8 mm were used, respectively . Welding speed 
is 4.5 m/min . 

A flowchart of Fig. 8 shows a procedure of the monitoring 
method of the present invention. As shown in Fig. 6, when the 
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zir.c-pla ted steel sheet, the irradiated part is r.elte: by 
receiving energy cf laser beams . As the ::.e. tec -eta. is at a 
very high temperature, visible lights, infrared lights, 
reflected lights zi YAG laser teams, :r the like are radially 
re ieased from the Keyhole 25 and the plume 28. The sensors 6a 
and 6b enter these lights and convert the lights into an electric 
signal. The converted electric signal is stereo in a storage 
cevice (not shown) of the personal computer 7E (refer to Fig. 
4) (SI) . 

Fig. 9 is a waveform chart (converted by the phctcdicde 
9) of an electric signal obtained from reflected lights of the 
YAG laser lights during welding under a basic welding condition. 
The waveform chart of this electric signal is prepared at 
sampling frequency 20KHz. In this waveform chart, a y-axis 
represents a signal intensity and an x-axis represents a time. 
Further, YH denotes a temporal variation condition of reflected 
lights caught by the sensor 6a at a high level of the observation 
angle. YL denotes a temporal variation condition of reflected 
lights caught by the sensor 6b at a low level of the observation 
angle. This chart shows waveforms of a "non-defective product" 
normally welded, a "porocity product" in which an occurrence 
ofporocity is excessive, and an "under- filled product" in which 
an under-filled state is caused. In case of the under-filled 
product, a shape of waveforms apparently differs from a case 
of a non-defective product. Therefore, it is easy to determine 
as the under-filled product. However, as in case of the 
porocity product, a difference in the shape of waveforms is not 
seen by comparison with a case of the non-defective product, 
it is difficult to determine as the porocity product. 

Fig. 10 is a waveform chart (converted by the photodiode 
8) of an electric signal obtained from visible lights of the 
keyhole 25 and the plume 28 during welding under a basic welding 
condition. The waveform chart is also prepared at sampling 
frequency 2CKHz. In this waveform chart, a y-axis represents 
a signal intensity and an x-axis represents a time. Further, 
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caught by the ser.szr ca at a high level c: tee observation ar.^e. 
YL denotes a temporal variation condition of visible lights 
caught by the sensor 6b at a low level cf the observation ancle. 
This chart shew waveforms of a "non-oef est ive product" 
normally welded, a "porocity prcauct" in which an occurrence 
cf porocity is excessive, and an "under-fil led product" in which 
an under-filled state is caused. In case cf the under-fillea 
product, a shape of waveforms apparently differs from a case 
cf a non-defective product. Therefore, it is easy to determine 
as the under-filled product. However, as in case of the 
porocity product, a difference in the shape of waveforms is not 
seen by comparison with a case of the non-defective product, 
it is difficult to determine as the porocity product. 

In this manner, it is difficult to differentiate between 
the non-defective product and the porocity product only by 
examining a temporal intensity change state of each of the 
reflected lights and the visible lights by each of the sensors 
6a and 6b. For this reason, the waveforms of only the YH 
indicating the temporal variation condition of reflected lights 
caught by the sensor 6a at a high level of the observation angle 
are taken out among the waveforms stored in the storage device, 
and this waveform is subjected to a FFT (fast Fourier transform) 
signal intensity calculation (S2) . 

Fig. 11 is a waveform chart obtained as a result of 
subjecting the waveform of the YH shown in Fig. 9 to the FFT 
signal intensity calculation. In this waveform chart, a y-axis 
represents a relative signal intensity and an x-axis represents 
a frequency. A relative signal intensity denotes an amount 
indicating to what extent signal components of respective 
frequencies are included, and this relative signal intensity 
does not have unit. As is apparent from this chart, if the FFT 
signal intensity calculation is carried out, a difference in 
a distribution of the relative signal intensity is caused 
between the non-defective product and the porocity product . In 
other words, in the non-defective product, a peak part of the 
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Ill Hz, but ir. the pcrccity preset, a pea>; part cf the relative 
signal intensity exists in the vicinity : f Z Hz ts 1 3 C 0 Hz. 1 re 
quality rr.cr.it crir.g method of the present invent it n 
di f f erent lates this uiffererce as fell i v; s : 

Among the waveform cf Fig. 11 obtained as a result of 
subjecting the FFT (fast Fourier transform) signal intensity 
calculation, the total value of the signal intensity between 
60 5 Hz and 65C Hz is calculated (S3) . If the total value exoeeos 
170, CGO set as a reference value (S4, Yes), it is determined 
that an occurrence of pcrccity is excessive (S5) , and if not 
exceeding 170, 000 (S4, No) , it is determmea that an occurrence 
of porocity is within the normal range (36) . It is to be noted 
that a result cf determining an occurrence of pcrccity (not 
shown in the flowchart) is displayed on the display 7F. 

Next, from a feature amount of waveforms of Fig . 1 obtained 
as a result of subjecting the FFT (fast Fourier transform) 
signal intensity calculation, a Maharanobis distance is 
calculated (SI) . This Maharanobis distance represents by a 
distance to what extent a feature amount (location) of a 
waveform of the observed workpiece is away from a normalized 
reference space obtained from a feature amount of waveforms of 
a non-defective product. According to the acquired 

Maharanobis distance, a distribution chart as shown in Fig. 12 
is prepared. For example, as shown in Fig. 12, the feature 
amount (location) obtained from the waveform chart of Fig. 11 
is written in a graph that a y-axis is a FFT signal intensity 
and an x-axis is a Maharanobis distance in logarithmic 
representation, and the products are distributed in accordance 
with the feature amount of each workpiece. 

If the Maharanobis distance exceeds a reference value 
1000 based on this distribution chart (S8, Yes), it is 
determined that an under-filled state occurs (S9) , and if not 
exceeding that (S8, No) , it is determined that the under-filled 
state does not occur (SIC). 

In the above embodiment, whether or not an occurrence of 
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a signal intensity cf a specif :ea frequency band, tut as is 
apparent frcr. the 01 s c r i but i u n chart cf Fig- 12, the pcrccity 
proaucts are distributed in a region that the Maharar.cbi s 
distance is 1 cr less and the signal intensity 7 is 1 " Z Z . 1 cr mere, 
ana similarly to a case where an occurrence of the under-f il I ed 
product as determined, from the feature amount cf v;avef ores cf 
Fie. 11 obtained as a result cf subjecting the FFT (fast Fourier 
transform) signal intensity calculation, the Maharanobi s 
distance ana the signal intensity of the specified frequency 
band are calculated, and further it is determined to which 
region the distance and signal intensity belong, so that it can 
be determined whether or not an occurrence of porocity is 
excessive . 

Incidentally, in the above embodiment, a description was 
given on a case that welding is performed under condition that 
a plate thickness is 0.8 mm and a welding speed is 4.5 m/min, 
but the quality monitoring method and the quality monitoring 
system of the present invention can be applied to the other 
welding speed and plate thickness. When the welding speed and 
plate thickness differ from the above-mentioned welding 
condition, a specified frequency for determining an occurrence 
of porocity is varied. The reason is that, if the welding speed 
or the plate thickness is varied, with this variation, an 
effective specified frequency for determining an occurrence of 
the welding state of porocity is also varied. In order to 
maintain accuracy in determining an occurrence of porocity, an 
optimum frequency in determining an occurrence of porocity 
exists of itself according to the welding speed or plate 
thickness . 

The following experiment is conducted as to how this 
specified frequency is varied to always accurately determine 
an occurrence of porocity by a variation of the welding speed 
cr the plate thickness. Zinc-plated steel sheets having plate 
thicknesses 0.8 mm, 1.0 mm and 1.2 mm are used as wcrkpieces, 
and two steel sheets are lap-welded. The welding speed was 
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First, the case that a plate thickr.ess is varied will be 
describee. In this experiment, the welding speed was fixed at 

3.5 m/min ana the total cf two plate thicknesses was varied 
between 1.6m and 2 . 4 mm . Fcr example, if the porocity occurred 
in case cf the total plate thickness 2.4 mm, the signal intensity 
of a frequency band of 0 Hz to 5CC Hz was prone to increase. 
When the total plate thickness is decreased, the frequency banc 
that the signal intensity increases was enlarged. A result of 
this experiment is shown in Fig. 13. 

As shown in Fig. 13, when the total plate thickness is 

1.6 mm, the signal intensity of the frequency band of 0 Hz to 
1000 Hz increases, and when the total plate thickness is 1.8 
mm, the signal intensity of the frequency band of 0 Hz to 800 
Hz increases. Further, when the total plate thickness is 2.0 
mm, the signal intensity of the frequency band of 0 Hz to 700 
Hz increases, and when the total plate thickness is 2.4 mm, the 
signal intensity of the frequency bandof 0 Hz to 500 Hz increases 
Accordingly, an occurrence of porocity is determined in 
accordance with which frequency band is used, depending on what 
mm the total plate thickness is. Incidentally, as shown in Fig. 
13, a relation between the total plate thickness and the 
frequency is stored in the storage device of the measuring 
device 7 . 

Next, the case where the welding speed was varied will 
be described. In this experiment, when the total plate 
thickness is 1 . 6 mm, the welding speed was varied between 3.0 
m/min and 5.0 m/min, and further when the total plate thickness 
is 2.0 mm, the welding speed was varied between 3.0 m/min and 
5.0 m/min. In case of any plate thickness also, as the welding 
speed is faster, the frequency band that the signal intensity 
increases decreased. A result of this experiment is shown in 
Fig. 14. 

As shown in Fig. 14, when the total plate thickness is 
1.6 mm, the signal intensity of the frequency band of C Hz to 
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intensity c: the frequency bar.a cf L. Hz t: £ 1 _ Hz :rcre3sos at 
the welding speed 4.0 m/min. Further, when the total plate 
thickness is 2 . 1 rr.m, the signal intensity if the frequency hand 
cf C Hz to 7C0 Hz increases at the welding speed 4.1 m/min, ano 
the signal intensity of the frequency cand cf 0 Hz to 611 Hz 
increases at the welding speed 5.1 rr./rr.in . 

Further, when the total plate thickness is 2.0 mm, the 
c i o n a " i *~ t e ^ Q i ** v c f the f r e o u e n c v 7 b a n d c f C Hz to SO 0 H z increases 
at the welding speed 3.0 m/min, and the signal intensity cf the 
frequency band cf 0 Hz to 700 Hz increases at the welding speed 

3.5 m/min, and the signal intensity cf the frequency bana cf 
0 Hz to 600 Hz increases at the welding speed 4.0 m/min. 

Accordingly, an occurrence of porocity is determined in 
accordance with which frequency band is used, depending cn what 
m/min the welding speed is. Incidentally, a relation between 
the total plate thickness and the frequency as shown in Fig. 
13 and a relation between the total plate thickness and the 
welding speed as shown in Fig. 14 are stored in the storage device 
of the measuring device 7 as Table as shown in Fig. 15. As shown 
in Fig. 15, the condition that the welding speed exists 
indicates that an effective frequency for determining an 
occurrence of porocity is stored. For example, when plate 
thickness tl of an upper plate is 1.2 mm, plate thickness t2 
of a lower plate is 0.8 mm, and a welding speed is 3.5 m/min, 
as shown in Fig. 14, the welding speed 3. 5 m/min and the frequency 
band 0 Hz to 800 Hz at the total plate thickness 2.0 mm is used. 
Further, when plate thickness tl of an upper plate and plate 
thickness t2 of a lower plate are 0.8 mm, and a welding speed 
is 5.0 m/min, as shown in Fig. 14, the welding speed 5.0 m/min 
and the frequency band 0 Hz to 600 Hz at the total plate thickness 

1 . 6 mm is used . 

As described above, the effective frequency for 
determining an occurrence of porocity varies based on 
variations of the plate thickness and the welding speed. The 
reason is that it can also be considered that the variation is 
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caused cy a difference ir. a s h a p e cf a keyhc le c /cur red ::. thc- 
AGlairg part during v;elo;r.g. 

Ac shewn ir. Fig. lc, when the V AG laser teams are hit, 
a material melts, i.e., a keyhcle occurs. The shape of the 
keyhole varies depending :r. a plate thickness and a welding 
speed. For example, in the shape cf the Keyhole, when the plate 
thickness increases, a depth H cf the keyhole increases tc form 
an elongated shape. Accordingly, an aspect ratio H/D 
calculated freer, the depth K cf the keyhcle and a width D cf the 
keyhcle increases. Further, in the shape of the keyhole, when 
the welding speed increases, the width D of the keyhole 
decreases, to form an elongated shape in this case also. 
Accordingly, the aspect ratio H/D calculated from the depth H 
of the Keyhole and the width D of the keyhole increases. 

As shown in Figs. 13 and 14, when the plate thickness 
increases and the welding speed increases also, the effective 
frequency for determining an occurrence of porocity lowers. It 
is considered that the reason is as follows: As described above, 
when the plate thickness increases and the welding speed 
increases also, the aspect ratio H/D increases. As a result, 
the shape of the keyhole becomes elongated and a resonance 
frequency of the keyhole lowers. As a result, the frequency 
band that the signal intensity increases lowers. 

Accordingly, the shape of the keyhole is recognized by 
a CCD camera, to obtain the aspect ratio H/D, whereby the 
effective frequency for determining an occurrence of porocity 
may be obtained. 

(Second Embodiment ) 

Next, a second embodiment will be described. In the first 
embodiment, only the occurrence of porocity was determined, but 
in the second embodiment, further, an occurrence of a welding 
state of an under-filled state or a non-welded state is 
accurately determined. 

Incidentally, in the second embodiment also, the 
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intensity calculating means which calculates a signal intensity 
in a first frequency band fcr detecting an occurrence cf an 
under-filled state, a signal intensity in a see end frequency 
banc fcr detecting an occurrence cf pcrccity, and a signal 
intensity in a third frequency baud fcr detecting an occurrence 
cf a non-welded state; a function as a weld quality determining 
means fcr determining an occurrence cf a welding state of the 
under-filled state, the pcrocity and the non-welded state; and 
a function as a dividing means for dividing a variation per hour 
cf an electric signal with respect to the stored one welding 
part into a plurality of areas on a time-series basis. 

A process of detecting the welding state of the 
under-filled state, the porocity and the non-welded state by 
a monitoring system according to the present invention will be 
described with reference to a flowchart of Fig. 18 and Figs. 
19 to 2 5. Waveform data shown m Figs. 19 to 21 has been obtained 
as a measured result based on the following welding condition 
(basic welding condition) . An output of the YAG laser is 3 Kw 
at a processing point. A zinc-plated steel sheet having 
thickness 0.8 mm was used. A welding speed is 4.5 m/min. 

In the second embodiment, the welding state of the 
non-welded state can be detected also. The non-welded state 
means an incomplete weld that a desirable welding intensity 
cannot be obtained. As shown in Fig. 17, the non-welded state 
occurs by a cause that, when two steel sheets are lap-welded, 
an inter-sheet gap 40 in a butt part cf vertical steel sheets 
is too large. Because if the gap 40 is too large, heat does 
not sufficiently conduct to a lower steel sheet and the welding 
part is not sufficiently melted. 

A flowchart of Fig. 18 shows a procedure of the monitoring 
method according to the present invention. As shown in Fig. 
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cf the zi^r-platea steel sheet, the :r:aa:a:ea part is me 1 tea 
by receiving energy cf laser tea^s. As the melted metal is at 
a very high temperature, visible lights, infrared light sr 
reflected lights cf the YAG laser beams are racially emitted 
from a keyhcle 25 and a plume 26. The senscr 6a ana the serscr 
6b enter these lights and converts into an electric signal . The 
converted electric signal is stereo in a storage device (net 
shown) of the personal computer ~E (refer to Fig. 4) in each 
welding part (S21) . 

Figs. 19 ana 20 show a waveform chart cf an electric signal 
(which is converted by the photodiode 9) obtained from reflected 
lights of the YAG laser beams when welding is performed under 
a basic welding condition . The waveform chart of these electric 
signals is prepared at sampling frequency 20 KHz. In the 
waveform charts, a y-axis denotes a signal intensity (voltage 
value) and an x-axis denotes a time. These waveform charts 
denote a temporal variation situation (variation per hour) of 
reflected lights in a certain welding part which is sensed by 
the sensor 6a of which an observation angle is at a high position. 
Fig. 19 shows waveforms of the vv non-defective product" in which 
a normal welding was performed and the u non-welded product", 
which welding was incomplete, and Fig. 20 shows waveforms of 
the "under-filled product" in which an under-filled state 
occurred and the u porocity product" in which an occurrence of 
porocity is excessive. Contrasting these waveform charts, as 
only a waveform shape of the under-filled product differs 
apparently from the other waveform shapes, it is easy to 
determine that the product is in an under-filled state. However, 
the waveform shapes of the non-welded product and the porocity 
product does not differ apparently from the waveform shape of 
the non-defective product. For this reason, it is difficult 
to make sure of these welding states from the waveform charts. 

In this manner, it is difficult to differentiate the 
non-defective product and the non-welded product from the 
non-defective product and the porocity product only by 
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lights. For this reason, a waveform indicating the- ter.pcr::! 
intensity variation state si reflected eights at sne welding 
part sensed by the ser.scr ca of which the observation angle is 
at a high position is taken cut from among the waveforms stereo 
in the storage device, ana this waveform is subjected to a FFT 
(fast Fourier transform) signal intensity calculation (S22). 

Fig. 21 is a waveform chart obtained resultantly by 
subjecting each waveform shown in Figs. 19 and 20 to the FFT 
signal intensity calculation. In this waveform chart, a y-axis 
represents a signal intensity and an x-axis represents a 
frequency. The signal intensity means an amount (area) 
indicating to what extent signal components of each frequency 
are included, and this signal intensity does not have unit. 

As i s apparent from this chart, when the FFT signal 
intensity calculation is carried out, a difference in a 
distribution of the signal intensity is caused by each of the 
"non-defective product", the "non-welded product", the 
"under-filled product" and the "porocity product". In the 
quality monitoring method of the present invention, this 
difference is differentiated as follows: 

Among the waveforms of Fig. 21 obtained resultantly by 
carrying out the FFT (fast Fourier transform) signal intensity 
calculation, a frequency band of 0 to 1000 Hz is set as a first 
frequency band for detecting an occurrence of the under-filled 
state, and further similarly, a frequency band of 0 to 1000 Hz 
is set as a second frequency band for detecting an occurrence 
of the porocity. The reason why setting such the frequency 
bands is that the occurrence of the under-filled state or 
porocity can definitely be detected in this frequency band 
according to a result of the experiment. Here, the first and 
second frequencies are identical, but it is necessary that the 
effective frequency band for detecting an occurrence of 
porocity is varied in accordance with a plate thickness or a 
welding speed, as mentioned above in the first embodiment. 
Accordingly, the second frequency band for detecting an 
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Hz according to the plate thickness or the welding speea. 

Successively, a frequency hand cf 3100 cc t C 1 J Hz is set 
as a third frequency nana for detecting an cccurrence cf a 
ncn-v;elded state. The reason is that, as can he seen frcrr. Fig. 
21, when the non-welded state occurred, the signal intensity 
cf this frequency band is prcne to increase more than the signal 
intensity when the unaer-fiiied state or the poroci ty occurred. 
Further, the reason why this frequency band is set as that the 
cccurrence cf the non-welded state can definitely be detected 
in this frequency band according to a result cf the experiment. 

The signal intensity of these frequency bands is obtained 
and is plotted in a biaxial coordinate system provided virtually 
as shown in Fig. 22. This biaxial coordinate system is a 
coordinate system that an x-axis denotes a signal intensity in 
the frequency band (the first frequency band and the second 
frequency band) of 0 Hz to 1000 Hz, and a y-axis denotes a 
magnitude of a signal intensity in 3000 Hz to 6000 Hz (the third 
frequency band), respectively. 

For example, in case of the under-filled state, the 
waveform as shown in Fig. 21 can be obtained, and an area obtained 
from the waveform of the frequency band of 0 Hz to 1000 Hz and 
an area obtained from the waveform of the frequency band of 3000 
Hz to 6000 Hz are obtained with respect to this waveform, and 
each area is plotted on the x-axis and the y-axis. As shown 
in Fig. 22, it is found by this plot that the under-filled product 
(mark Z^) is prone to distribute in an area where the signal 
intensities of the x-axis and the y-axis of the biaxial 
coordinate system are small. Similarly, it is found that the 
porocity product (mark □) is prone to distribute in an area 
where the signal intensity of the y-axis of the biaxial 
coordinate system is small and the signal intensity of the 
x-axis of the biaxial coordinate system is large, and further 
that the non-welded product (mark O) is prone to distribute 
in an area of the entire x-axis where the signal intensity of 
the y-axis of the biaxial coordinate system is large. Further, 
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is f:und that the r.:r.-3£ie::: cr::.:: ir.a:> ) is crcr.e 
tc distribute in an area where the signal intensity of the y-axi s 
■:: the biaxial coordinate system is small aid the signal 
intensity cf the x-axis c I the biaxial coordinate system. :s 
abcut intermediate . 

An examination is made in a plurality of welding products 
as to how the under-filled product, the porocity product, the 
non-welaed proauct ana the non-defective product distribute in 
the above-described biaxial coordinate system. As a result, 
it was found that each oisoributicn area is classified as shown 
in Fig. 23. Further, when the phenomenon cf the under-filled 
product, the porocity product and the non-welded product 
occurred at one welding part partially in combination, it is 
considered that the under-filled product, the porocity product 
and the non-welded product distribute in the vicinity of a 
boundary of each area. For this reason, in the present 
invention, as shown in Fig. 24, a mixing area which is difficult 
to determine a type of a welding state is prescribed. 
Accordingly, an under-filled area, a non-defective area, a 
porocity area, a non-welded area and a mixing area exist in the 
virtual biaxial coordinate system. Incidentally, to what 
extent the mixing area has a width is determined in accordance 
with a result of the experiment or operations of the technique. 

Incidentally, this virtual biaxial coordinate system is 
created by the personal computer 7E shown in Fig. 4, and these 
areas are not created actually as a two-dimensional plane. 
Further, the calculation results are virtually plotted in this 
biaxial coordinate system based on the calculation result of 
each signal intensity, but the plot is not actually carried out 
on the two-dimensional plane. The range of numeric values of 
the signal intensity forming each area is stored in the personal 
computer 7E, and the personal computer 7E can immediately 
determine which welding state occurs, or whether or not the 
product is non-defective, according to which area's range of 
numeric values the calculation result belongs to. 

Return to the flowchart of Fig. 18, the signal intensity 
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e f 1 t c 1111 Hz and 3 11 C Hz tc 6 11 1 Hz is calcolateo w 1 t h respect 
t: the wave f err. shewn :n Fig. 21 tc he cfctamea dur : r. welding 
(321). It rs determined which area shewn in Fie . 24 the 
coordinates m the biaxial coordinate system specimen by the 
ea-cuiateo signal intensity cf 1 tc 1CCC Hz ana the calculated 
signal intensity cf 2C10 Hz tc cCOG Hz belong tc (S24). 

If the coordinates belong tc the preset area of the 
non-defective product (S24: YES), it is determines: that the 
welding of the welding part is normally carried out 
(ncn-def ect ive product) (S25) . Cn the other hano, if the 
coordinates do net belong to the preset area of the 
non-defective product (S24: KG), it is determined which area 
out of the preset under-filled area, porocity area and 
non-welded area the coordinates belong to (S26) . 

If the coordinates belong to any area of the under-filled 
area, the porocity area and the non-welded area (S26: YES), a 
welding state in the belonging area occurs, and it is determined 
that the weld quality of the welding part is problematic (S27) . 
Incidentally, although not shown in the flowchart, a display 
of the non-defective product or a display of an occurrence of 
any welding state appears on the display 7F. According to the 
above processes, the determination for the entire one welding 
part is terminated. 

On the other hand, if the coordinates does not belong to 
any area of the under-filled area, the porocity area and the 
non-welded area, i.e., if the coordinates belong to the mixing 
area (S26: NO) , as shown in Fig. 25, the welding part is divided 
into a plurality of areas, and it is determined again which 
welding state each area is in. 

The re-determination as to which welding state each area 
is in is carried out according to the following procedure: 

As mentioned above, a variation per hour of an electric 
signal output from the sensor 6a for one welding part is stored 
in the storage device of the personal computer 7E, and when 
determining again which welding state each area is in, the 
stored variation per hour of an electric signal is divided into 



31 



a // el dir. a 1 er.g: h :f a cert air. we Icing parr : s 5 1 mm as shew: - . 
::. 5T. g . 25, the welding part is divided ::r : five parts, 
example, by 6 ir,, ar.a it is ceterr.ir.ee which welding state e a c h 
cf the divided areas is ir., cr whether cr ret the product is 
r.cr.-def ect ive, according tc the quite identical preceevre tc 
the abeve-rrert rcred procedure. 

When a division cf this area is adaptea to the stored 
electric signal, as a welding speec is 4.5 m , :r : n in the second 
embodiment, 0.4 sec is needed to weld a welding part of 5C mm . 
Accordingly, the electric signal at this welding part stored 
in the storage device is an electrrc signal corresponding tc 
C.4 sec. In order to divide this into five parts as above, this 
electric signal is divided on a time-series basis by 0.08 sec. 
This division is caused to obtain electric signals of five time 
bands such as a first time band of 0 to 0.08 sec, a second time 
band of 0.08 to 0.16 sec, a third time band of 0.16 to 0.24 sec, 
a fourth time band of 0.24 to 0.32 sec, and a fifth time band 
of 0.32 to 0.04 sec, at the welding part. incidentally, it is 
desirable that the division is carried out in unit of about 1 
mm to about 8 mm, and it is also necessary that the division 
is varied according to the circumstances in accordance with a 
shape of the welding part or desirable determination accuracy 
of the weld quality. 

The electric signals of these time bands are taken out 
one by one from the storage device, and the waveforms of these 
five electric signals are subjected to the FFT (fast Fourier 
transform) signal intensity calculation (S28) . The signal 
intensities of 0 to 1000 Hz and 3000 to 6000 Hz are calculated 
with respect to each waveform (S29) . It is determined which 
area in the biaxial coordinate system shown in Fig. 24 the 
calculated signal intensities cf 0 to 1C00 Hz and the calculated 
signal intensities of 3000 to 6000 Hz exist in, respectively 
(S30) . It is determined from the above processes that, for 
example, as shewn in Fig. 25, the non-welded state occurs in 
the area (an area at a left end in Fig. 25) corresponding to 
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(an area :n the right thereof) corresponding to the seccnd t:-e 
band, and the product is - — -defective :r. the residual third 
time bard tc fifth tire band (an area till a right end cf the 
residvai ) . 

Next, a ratio of the non-defective prccuot to the welding 
part is calculated (S31) . In the above-mentioned case, as any 
welding states occurred in two areas out of the areas divided 
by five, a ratio cf the non-defective product becomes 60 r t . 

If the number cf areas which are determined as the 
non-defective product exceeds a necessary ratio (e.g., 7C1) of 
the non-defective product which is preset with respect tc the 
number of divided areas (S32: YES), it is determined that the 
welding part is non-defective as a whole (S33) . The reason why 
such technology is used is that, when the welding length is set 
longer than the welding length demanded in designing by 
expecting an occurrence of the welding state such as the 
under-filled state, the porocity and the non-welded state at 
a certain welding part, if a calculated length of the 
non-defective welding part is longer than a welding length 
demanded in designing, it is not problematic on the weld quality 
if it is determined that the welding part is synthetically 
non-def ective . 

On the other hand, if the number of areas which are 
determined as the non-defective product does not exceed a 
necessary ratio (e.g., 70%) of the non-defective product which 
is preset with respect to the number of divided areas (S32: NO) , 
the welding state such as the under-filled state, the porocity 
and the non-welded state exists at the welding part, and it is 
determined that the welding part is synthetically problematic 
in the weld quality (S34). Incidentally, although not shown 
in the flowchart, a display of the non-defective product as seen 
synthetically, or a display that the weld quality is 
synthetically problematic appears on the display 7F. 

As described above, when it is determined that the welding 
quality is problematic in determining entirely a certain 
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c:ss;i;.e to raise deterrr.: r.aticr. accuracy as compared with ar. 
evaluation method c: only the entire welding part. 

The above processes are carriea cut in real terse at the 
case tirse as welding. Further, even if the at eve- oes or ibeo 
division determination is carried cut, the determination is 
terminated until a next weloirg part is welded. If it is 
determined that the welding part is problematic in the weld 
quality finally, a paint is sprayed on the welding part. Tens 
of welding parts exist in one workpiece, and it is easy to make 
a final inspection in a post-step by spraying a paint as above. 
In the final inspection, it is once determined visually by an 
operator whether or not a part sprayed with a paint is really 
problematic in the weld quality. When it as determined in the 
final inspection that the weld quality is problematic, the 
workpiece is conveyed to a back-up step to carry cut a repair 
wo r k . 

Incidentally, the above processes were given on the case 
where the plate thickness or the welding speed is constant. As 
mentioned also in the first embodiment, an optimum frequency 
for determination of an occurrence of porocity exists of itself 
according to the plate thickness, the welding speed or the 
aspect ratio. Accordingly, in the second embodiment also, in 
the same manner as the first embodiment, the frequency (the 
second frequency band in the second embodiment) is varied 
according to the plate thickness, the welding speed or the 
aspect ratio. Incidentally, which frequency to be set 
according to the variation of the plate thickness, or which 
frequency to be set according to the variation of the welding 
speed was described in detail in the first embodiment, and 
description is omitted here. 

As described above, in the second embodiment, as the 
occurrence of the welding state such as the porocity, the 
under-filled state and the non-welded state can be determined 
by the quite identical calculation process, it is net necessary 
to carry out each different complicated calculation process for 
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conventionally. Accordingly , a process lead :f the CPU fcr the 
calculation process :s reduced. 

Further, any welding state occurred in only a part of the 
welded parts car easily be determined by the technique of the 
division determination, anc determination accuracy of the type 
of occurred welding state is raisec conspicuously. 

[Brief Description of the Drawings] 

[ Fig . 1 ] 

Fig. 1 is an embodied structural diagram of a YAG laser 
welder equipped with a quality monitoring system according to 
the present invention; 

[Fig. 2] 

Fig. 2 is a conceptual diagram of the YAG laser welder 
equipped with the quality monitoring system according to the 
present invention; 

[Fig. 3] 

Fig. 3 is a diagram showing an embodied constitution 
inside a sensor; 

[Fig. 4] 

Fig. 4 is a diagram showing an embodied constitution of 
a measuring device shown in Fig. 2; 

[Fig. 5] 

Fig. 5 is a view for explaining a principle of detecting 
a weld quality; 



35 



Fig. 7 is a view for explaining a principle cf aetectma 
the weld quality; 

[Fig. 8] 

Fig. 8 is a flowchart showing a procedure cf a monitoring 
method according to a first embodiment of the present invention; 

[Fig. 9] 

Fig. 9 is a waveform chart of an electric signal obtained 
from reflected lights of YAG laser beams during welding under 
a basic welding condition; 

[Fig. 10] 

Fig. 10 is a waveform chart of an electric signal obtained 
from visible lights of a keyhole and a plume during welding under 
a basic welding condition; 

[Fig. 11] 

Fig. 11 is a waveform chart obtained as a result of 
subjecting a waveform of YH shown in Fig. 9 to a FFT signal 
intensity calculation; 

[Fig. 12] 
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Fig. 13 is a diagram shewing a relation between a total 
plate thickness and an effective frequency for determining an 
occurrence of porccity; 

[Fig. 14] 

Fig. 14 is a diagram showing a relation between a total 
plate thickness, a welding speed and an effective frequency for 
determining an occurrence of porocity; 

[Fig. 15] 

Fig. 15 is a diagram showing one example of Table stored 
in a storage device of a measuring device; 

[Fig. 16] 

Fig. 16 is a diagram for explaining an aspect ratio of 
a keyhole caused in a welding part; 

[Fig. 17] 

Fig. 17 is a diagram for explaining a non-welded state; 
[Fig. 18] 

Fig. 18 is a flowchart showing a procedure of a monitoring 
method according to a second embodiment of the present 
i nvent ion ; 

[Fig. 191 
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[Fig. 20] 

Fig. 20 is a waveform chart of an electric signal obtained 
f v re f]^r-t^d lights of Y A ;a.ser beams durina welding unoer 
a basic welding condition; 

[Fig. 21] 

Fig. 21 is a waveform chart obtained as a result of 
subjecting an electric signal shown in Figs. 19 and 20 to a FFT 
signal intensity calculation; 

[Fig. 22] 

Fig. 22 is a diagram for explaining a distribution state 
of an under-filled product, a porocity product, a non-welded 
product and a non-defective product; 

[Fig. 23] 

Fig. 23 is a diagram showing an under-filled area, a 
porocity area, a non-welded area and a non-defective area which 
are prescribed in a biaxial coordinate system; 

[Fig. 24] 

Fig. 24 is a diagram for explaining a mixing area which 
is prescribed in the biaxial coordinate system; and 

[Fig. 25] 
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;i;arr.€ cf :::-.r.er.t; 
; Abstract ; 

[Object] :c detect reliably ar. occurrence cf pcrccity cf a 
laser welding part. 

[Solving Means] Reflected lights cf laser beams irradiated 
toward a welding part F cf a wcrkpiece 5 are detected by a sensor 
6a and converted into an electric signal, and a measuring device 
7 calculates a frequency distribution cf the electric signal, 
to calculate a signal intensity in a specified frequency band 
out of the calculated frequency distribution. If the 
calculated signal intensity exceeds a preset reference value, 
it is determined that an occurrence of porocity is excessive, 
and if the calculated signal intensity does not exceed the 
reference value, it is determined that an occurrence of porocity 
is within a normal range. 

[Selected Figure] Fig. 2 
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